. Archives of Disease in Childhood, 49, 647. Hyperlactataemia during intravenous feeding in childhood. A recently introduced synthetic amino acid preparation, Aminoplex 5, appeared suitable for use in intravenous feeding in childhood because it has a low sodium concentration and high caloric value, achieved by using sorbitol and ethanol. The effects of a 2-hour infusion of Aminoplex 5 at 5 ml or 10 ml/kg per hr on the concentrations of several blood metabolites and hormones were investigated in 8 children. All the children showed a rise in blood lactate concentration (range of increase 0-23 to 6-72 mmol/l.) and lactate/pyruvate ratio (range of increase 2 5 to 18 0) and a small consistent fall in blood acetoacetate concentration. The effects were dose related. Free blood fructose was shown in 7 children after Aminoplex 5, the only exception being a preterm infant. No significant changes were found in plasma insulin or growth hormone concentrations. We suggest that the use of this preparation should be accompanied by frequent estimations of blood lactate or acid-base status.
The use of parenteral nutrition in the management of seriously ill children has increased. Such therapy is not without danger, and there have been reports indicating some of the metabolic abnormalities which can arise (Harries, 1971; Heird et al., 1972) . The situation is complicated by the multiplicity of recommended regimens and by the availability of several amino acid preparations which differ in amino acid content, sodium concentration, carbohydrate source, and caloric value. Furthermore, preparations used in adult patients may be unsuitable for use in childhood.
We have therefore investigated the effects of an infusion of a recently introduced synthetic amino acid preparation (Aminoplex 5t) on blood metabolite and hormone concentrations at the start of elective periods of intravenous feeding. This preparation appeared suitable for use in childhood, particularly since it has a low sodium content (35 mEq/l.) and a high caloric value (1000 cal/l.).
Received 4 February 1974. *Present address: The General Hospital, Tremona Road, Southampton. tGeistlich Sons Ltd., Chester, England.
Patients and methods Details of the children and the indications for intravenous feeding are shown in Table I . The youngest patient was a preterm infant born at 29 weeks' gestation, who was 3 weeks old at the time of study. The eldest was an 11-year-old boy. The study was performed during the first 6 hours of intravenous feeding, none of the subjects having previously received Aminoplex 5. The composition of Aminoplex 5 is shown in Table II , and the infusion protocol in Fig. 1 (Slein, 1963 Table III ). At the end of the Aminoplex 5 infusion an increase in blood lactate concentration was found in all subjects, a greater rise occurring in the 3 children given the high rate of infusion. After the infusion rate of 5 ml/kg per hr, the mean blood lactate concentration rose significantly from 112±0*21 mmol/l. to 192±0 40 mmol/l., and from 1*84+0*18 mmol/l. to 5*85±1*10 mmol/l. with twice the rate of infusion. The greatest rise (from 1 49 mmol/l. to 8 *21 mmol/l.) occurred in one child in the latter group (Case 8).
Blood lactate concentration failed to return to the pre-Aminoplex value in 6 of the 8 children during the final infusion period of 0 9% saline or dextrose/saline. There were no significant changes in blood pyruvate concentrations. The lactate/ pyruvate (L/P) ratio was increased at the end of the Aminoplex 5 infusion in all subjects, the increase being dose related (Fig. 2 , Table III) .
One child (Case 4) who had Fallot's tetralogy with central cyanosis, had an initial L/P ratio of 37 despite a minimally raised blood lactate concentration of 1 -8 mmol/l., and this increased to 40 and 43 during the next 4 hours. Blood glucose concentrations. Blood glucose concentrations ranged from 1-52 to 9 24 mmol/l. initially (Fig. 3 , Table III ). An increase in blood glucose concentration occurred after Aminoplex 5 in all 3 children given the high infusion rate. In the preterm infant the initial blood glucose value was low (1 -52 mmol/l., or 27 mg/100 ml) and though an increase to 2-71 mmol/l. (49 mg/100 ml) occurred after Aminoplex 5, the increase was not sustained and fell to 1-71 mmol/l. (31 mg/100 ml) 2 hours later.
Blood fructose concentrations. Demonstrable levels of fructose were not found in any of the time 0 samples (Fig. 3 , Table III ). After the Aminoplex 5 infusion, blood fructose concentrations ranging from 0 26 to 1 54 mmol/l. were found in the children given the high dose. 3 of the 5 children given the low dose were found to have demonstrable blood fructose concentrations after Aminoplex 5 (range 0 25 to 0 55 mmol/l.) and 4 of the 5 children had demonstrable levels of fructose 2 hours later (range 0 10 to 0 35 mmol/l.). The only infant in whom fructose was not shown at any time was the preterm infant (Case 1).
Blood acetoacetate concentrations. A decrease in acetoacetate concentrations occurred after Aminoplex 5 in 7 of the 8 children (0 13 ±0 02 mmol/l. to 0-07+0-02 mmol/l. (P <0'01) and 0-14+0 03 to 0-10±0 03 mmol/l. in the low and high infusion groups, respectively) ( Table III) .
Plasma insulin and growth hormone concentrations. Only one of the children (Case 6) showed a marked change in growth hormone concentration during Aminoplex 5 infusion. The initial value was 42 ng/ml rising to 82 ng/ml after the infusion of amino acids (Table III) (Table III) . Discussion The aim of intravenous feeding in children is to prevent protein breakdown, to maintain blood and tissue constituents within normal limits, and to provide adequate calories for normal metabolism and growth.
Previous reports of long-term intravenous feeding in children have emphasized the problem of metabolic acidosis (Harries, 1971; Heird et al., 1972) . The mechanism of this effect has not been clearly shown. Cornblath, Wybregt, and Baens (1963) showed that fructose infusion in neonates resulted in the formation of lactic acid, and Andersson, Brohult, and Sterner (1969) reported severe metabolic acidosis resulting in the death of one child, during fructose infusion. Fructose is a widely used carbohydrate source in commercially available amino acid preparations and Harries (1972) emphasized the danger of metabolic acidosis developing during infusion of such solutions in children. This aspect has recently been reemphasized by Woods and Alberti (1972) in their study with adult patients, and they pointed out that the risk of developing lactic acidosis is enhanced by the simultaneous administration of ethanol, a view supported by others (Peaston, 1973; Rickett and Bowen, 1973) . All our patients developed hyperlactataemia after an infusion of Aminoplex 5, which contains sorbitol and ethanol.
Sorbitol is metabolized to fructose by the enzyme sorbitol dehydrogenase (Blakley, 1951; Seeberg, McQuarrie, and Secor, 1955; Adcock and Gray, 1957; Murisasco et al., 1966) (Fig. 4) , and an increase in blood fructose concentration during sorbitol infusion has been reported in man (Schultis and Beisbarth, 1972 in pH occurred in the other patients, though none of the children showed clinical evidence of acidosis, as evidenced by a change in respiratory pattern. It is possible that a rise in lactic acid concentration could cause signs of acidaemia in those patients whose compensatory mechanism is already impaired, as a result of hepatic disease or anoxia. It is particularly important to give such patients the 24-hour requirement of amino acids in small aliquots interspersea with Intralipid, saline, or dextrose, throughout the day rather than as a continuous infusion over a few hours. Blood pyruvate concentrations were unchanged in all subjects but the L/P ratio increased. This ratio reflects the cytoplasmic NAD+: NADH2 (pyridine nucleotide) ratio (Hohorst, Kreutz, and Bucher, 1959) , and a rise in the ratio is commonly associated with tissue anaerobiosis (Woods, 1971) . A fall in pH will also cause a rise in L/P ratio without implying intracellular hypoxia. However, the rise in ratios found in our patients are much greater than would be expected from a moderate fall in extracellular fluid pH alone (Alberti et al., 1972a (Fig. 4) .
Thus, the concurrent metabolism of ethanol with sorbitol during Aminoplex 5 infusion would cause a rise in L/P ratio and lactate concentration through utilization of NAD+.
A second contributory factor could be the rapid conversion of fructose to lactate. In the perfused rat liver 30% of a fructose load is converted to lactate (Woods, Eggleston, and Krebs, 1970; Woods, 1970 (Fajans et al., 1972) . The maximum infusion rate used here was 0*04 g arginine/kg per hr, below the threshold value; however, total essential amino acids were given at 0 19 g/kg per hr, which should have caused a response. It is possible that a better insulin response and thus a greater anabolic effect, would be achieved by adding glucose rather than sorbitol and ethanol to the infusate in view of the synergistic effect of essential amino acids and glucose on insulin secretion (Floyd et al., 1970) .
Growth hormone concentrations increased during Aminoplex infusion in only one infant. The failure to stimulate insulin and growth hormone secretion could be manifestations of the stressed states of children. Thus catecholamine release is known to inhibit insulin secretion (Porte, 1967) , while Alberti and Hockaday (1973) have shown that the most seriously ill adults with diabetic ketoacidosis have the lowest growth hormone response to a fall in blood glucose.
In order to provide calories for total intravenous feeding with Aminoplex 5, an infusion rate between 5 ml and 10 ml/kg per hr is required. This implies that metabolic changes similar to those reported here are likely to occur during long-term use, particularly with doses close to 10 ml/kg per hr. We have no evidence, despite the metabolic abnormalities reported, that the condition of any of the children was adversely affected by Aminoplex 5 administration. 2 of the children in the series subsequently died (Cases 6 and 8) several days after ending the intravenous feeding regimens. One child (Case 2) had rapidly progressing ulcerative colitis. He was maintained for 12 weeks on total intravenous nutrition using Aminoplex 5 and Intralipid.* On this regimen he remained well, gained weight, and subsequently has developed normally.
The main conclusion from this study is that the use of a combination of amino acids with sorbitol and ethanol for intravenous feeding may cause hyperlactataemia. While such preparations can be life-saving, their dangers would be obviated by the use of preparations containing only amino acids, such as Aminoplex 14, together with additional glucose. This is of particular importance when using intravenous feeding regimens in preterm infants who may be unable to metabolize sorbitol. 
